Soaring obesity rates in the United States demand comprehensive health intervention strategies that simultaneously address dietary patterns, physical activity, psychosocial factors and the food environment. Healthy Bodies, Healthy Souls (HBHS) is a church-based, communityparticipatory, cluster-randomized health intervention trial conducted in Baltimore City to reduce diabetes risk among urban African Americans by promoting healthy dietary intake, increased physical activity and improvement to the church food environment. HBHS was organized into five 3-8-week phases: Healthy Beverages, Healthy Desserts, Healthy Cooking, Healthy Snacking and Eating Out and Physical Activity. A three-part process evaluation was adopted to evaluate implementation success: an in-church instrument to assess the reach, dose delivered and fidelity of interactive sessions; a post-intervention exposure survey to assess individual-level dose received in a sample of congregants and an evaluation form to assess the church food environment. Print materials were implemented with moderate to high fidelity and high dose. Program reach was low, which may reflect inaccuracies in church attendance rather than study implementation issues. Intervention components with the greatest dose received were giveaways (42.0-61.7%), followed by taste tests (48.7-53.7%) and posters (34.3-65.0%). The dose received of general program information was moderate to high. The results indicate successful implementation of the HBHS program.
Introduction
Obesity in the United States has reached alarmingly high rates [1] . Data from the 2009-10 National Health and Nutrition Examination Survey showed that some of the highest rates of obesity (49.5%) are among African American (AA) adults [1] . AAs have disproportionately higher levels of obesity compared with their Caucasian counterparts, as well as substantially higher rates of diabetes [1] [2] [3] [4] . Additionally, from 1980 through 2010, the ageadjusted percentage of persons with diagnosed diabetes more than doubled (increasing from 4.5 to 9.5%) for AAs, which was consistently higher than the rates for Caucasians [5] . Dietary intake, physical activity level and food environment are risk factors that play major roles in the high prevalence and incidence of obesity and diet-related chronic diseases among AA populations. Low-income AAs have been found to have high consumption of sugary drinks and high-fat food and extremely low intake of fruits and vegetables, with two-thirds reporting no fruit consumed in the previous day and three-quarters reporting no vegetables consumed at all [6, 7] . Physical activity rates among AA adults are lower than those among Caucasian adults, particularly with regard to AA women [8] [9] [10] . Environmental factors have also been shown to play a major role in the development of chronic diseases among inner-city AA communities [11, 12] . Individual eating habits are directly influenced by access to healthier food options; however, the higher cost of healthier foods can also serve as a barrier to access, particularly for low-income households [13] [14] [15] .
Churches are potential settings for delivering health-behavior interventions owing to the central role they play as spiritual, cultural and social support networks in AA communities [16] [17] [18] . Churches have many advantages as intervention venues, including designated spaces for gatherings/meetings, regularity in scheduling owing to weekly worship services and other church activities, regular contact with church members and strong social influence on community members with regard to shared core values and behaviors [16, 18, 19] .
Despite these strengths, faith-based intervention programs that aimed at the prevention of chronic diseases among AA communities have had mixed success on increasing physical activity and limited success in changing dietary behaviors [10, [20] [21] [22] . Lack of a substantial process evaluation, and therefore decreased ability to interpret impact of these programs in the context of the program delivery and receipt, may have contributed to these mixed results [23, 24] . Faith-based interventions, like most community-based interventions, are often complex, multifaceted and often require adaptations to the standard design. Process evaluation provides vital information needed to fully explain why certain results were achieved [24, 25] . Of 67 church-based intervention trials published between 1990 and 2008, approximately 80.4% measured reach, 28.4% assessed dose delivered, 27.3% measured dose received and only 9% assessed fidelity [26] . Only 21% of them included a combination of any of the measures: reach, dose delivered, dose received or fidelity [26] .
One exception is the 'Partnership to Reach African Americans to Increase Smart Eating (PRAISE!)' program that demonstrated an extensive process evaluation. Project PRAISE was a faith-based, multisite randomized controlled trial to assess the effectiveness of a year-long intervention to increase fruit, vegetable and fiber intake and to decrease fat consumption among AAs using culturally relevant approaches [27] . PRAISE! took novel approaches to process evaluation, such as determining the success of interventions at specific study locations, thoroughly documenting the program implementation, assessing initial and potential sustainability and dissemination of intervention components and evaluating the research partnership [27] . Building on the lessons and experiences learned from PRAISE!, Healthy Bodies, Healthy Souls (HBHS) was designed with a systematic process evaluation model for a church-based intervention program.
Few church-based health intervention trials have attempted to simultaneously influence diet, physical activity and the food environment [11] . HBHS was a multisite, multiphase randomized controlled trial that investigated the efficacy of faith-based behavioral and environmental interventions in preventing diabetes risk factors within low-income communities in Baltimore City. The program was conducted in nine predominately AA Baltimore churches from August 2009 to December 2011. The primary aim of HBHS was to reduce diabetes risk among AAs through an integrated nutrition and physical activity program using a comprehensive approach of extensively modifying the food environment and positively influencing individual health behaviors.
The HBHS program focused on improving eating behaviors, food preparation methods, psychosocial determinants (self-efficacy, knowledge and behavioral intentions), physical activity and the food environment through an integrated and participatory approach among AA churchgoers. Program strategy development was done in a participatory manner with regular feedback and input from church members to ensure cultural relevance and appropriateness and to strengthen the relationship between the Process evaluation of HBHS research team and the community [28] . Funded by the American Diabetes Association (ADA), HBHS was developed to complement Project POWER (PP), an AA church-based diabetes education program currently being implemented by the ADA, which uses workshops to train congregants on a healthy diet and lifestyle.
Two levels and three main instruments of process evaluation were used for the HBHS intervention: an in-church interactive session form to assess church-level delivery of the intervention components, a post-intervention exposure survey to assess individual-level dose received and an in-church environmental evaluation form to assess the church food environment. This comprehensive process evaluation approach sought to identify factors that would account for successes and failures of the program, and potential for sustainability at the church level. This article addresses the following questions: (i) how well was HBHS implemented in terms of reach, dose delivered and fidelity, and (ii) what was the level of dose received by church members?
Methods

Evaluation design
HBHS was conducted in nine predominately AA churches. Churches were selected based on the following criteria: (i) not having previously participated in the PP program, (ii) having self-reported regular attending congregations of at least 100 adults, (iii) having a mostly AA congregation, (iv) having more than 2 miles distance from other trial churches, (v) were not currently participating in any health program sponsored by outside organizations and (vi) pastor was willing to provide a letter of collaboration. The nine churches were stratified into three cohorts based on size. Each church in one cohort was randomly assigned to one of three groups. Group 1 churches received the HBHS intervention and PP interventions simultaneously (treatment), Group 2 churches received PP only and Group 3 churches received a delayed PP intervention (comparison). In Group 1 churches, PP was implemented during the HBHS intervention period but occurred in different phases of the intervention according to the preferences of each church. The three Group 1 churches (church A, B and C) had weekly worship service attendance of approximately 125, 250 and 500, respectively, on average, as reported by church leaders.
Before the intervention, there was a 2-3-month phase during which HBHS program staff conducted a series of planning workshops with each of the three HBHS intervention churches to determine the main foods and health behaviors for promotion, develop appropriate intervention strategies and identify the most appropriate nutrition and physical activity information to be disseminated. A series of 4-5 planning workshops were completed at each intervention church, resulting in a total of 13 workshops. On average, 12.3 (range: 6-20) adults attended the 13 workshops, and included various church stakeholders such as pastors, health ministry leaders and church congregants. Common findings across churches helped form the basis of the HBHS intervention [28] .
Each HBHS intervention church received five phases of the HBHS intervention, and each phase was composed of 3-8 weeks of intervention activities focusing on a single theme (Table I ). An intervention team of trained staff visited the intervention churches every week to deliver intervention activities and conduct process evaluation. Selection of intervention activities such as taste tests, interactive sessions and distribution of educational materials to address specific nutrition/lifestyle barriers during each intervention phase differed somewhat across intervention churches based on the needs and strategies identified in each church's planning workshops.
Intervention components were delivered in multiple forms (Table II) during the weekly intervention church visits and included: (i) weekly church bulletin inserts; (ii) educational handouts distributed to the church congregation by interventionists; (iii) posters and educational displays corresponding to each HBHS phase displayed in the church throughout the intervention; (iv) taste tests with accompanying recipe cards of modified popular dishes, such as a roasted vegetable casserole as an H. E. Wang et al.
alternative dish for pan-fried vegetables with fatback to promote the consumption of vegetables; (v) promotional giveaways given out intermittently depending on the intervention topic, such as shopping bags, specialized cookbooks for people with diabetes, water bottles and measuring spoons and (vi) a pedometer challenge competition. The pedometer challenge was a walking promotion program developed to encourage daily physical activity. The rules of the competition differed by each church's preferences, and adult church members were all eligible to participate at any stage of the intervention period. The interventionists tracked the daily and weekly steps of participating individuals at each HBHS interactive session and recognized participants who stepped the most or demonstrated the greatest consistency during a celebration event at the end of the program. Educational presentations, although not a part of the official intervention protocol, were given on request of the church.
The environmental component of HBHS was tailored to the specific needs of each intervention church. Universal food environmental interventions across all intervention churches included providing each church with a water pitcher and filter to promote drinking water as a healthy alternative to sugar-sweetened beverages, displaying posters and educational displays in high-traffic areas of the church and introducing Community-Supported Agriculture programs. One or two shares (equal to eight fruit/vegetable items per share) of local organic fresh produce were donated to each intervention church through Community-Supported Agriculture, which provided these shares on a weekly basis for 6 months.
Process evaluation instruments
The three process evaluation instruments were an in-church interactive session form, a Process evaluation of HBHS post-intervention exposure assessment survey and an in-church food environment evaluation form.
In-church interactive session form
The form was completed during each church intervention visit by a trained process evaluator. Each church visit comprised an interactive session where various interactive intervention components were delivered. The form was used to evaluate reach, dose delivered and fidelity by recording the number of participants, types of activities, giveaways and print materials, visibility of educational displays or posters and feedback from participants. Reach was defined as the percentage of church attendees contacted in the interactive sessions out of the total congregation. Dose delivered was defined as the average number of intervention components distributed to an individual in one visit. Each intervention session had multiple components that a churchgoer could participate in, but churchgoers were not required to participate in all components of the interactive session (i.e. they could get the giveaway item but choose not to participate in the taste test). Therefore, the minimal dose delivered was defined as receiving one item per participant per visit. Fidelity of an intervention component was defined as the percentage of effective visits out of the total visits per program phase. A church visit was considered effective if an intervention component (i.e. taste tests and handouts) was delivered in that visit. Low fidelity was defined post hoc as 0-49% of the standard met, moderate as 50-74% and high as 75% and greater.
Post-intervention exposure assessment survey
The form was used to assess individual exposure (dose received) to certain intervention components and to provide an estimation of reach at the individual level. The form was a questionnaire that was to be completed by trained data collectors as part of the post-intervention interview to track changes of the outcome over time in a subsample of church members. Therefore, only respondents from both intervention and comparison churches that had completed baseline questionnaires were surveyed. Because these measures were taken from a subset of church members, we were unable to conduct analyses of reach at the church-wide level. Dose received was defined as the proportion of interviewed participants who successfully recalled exposure to any intervention components. Dose received was determined by asking the respondents to recall interactive activities, food environment changes and a selection of the most commonly used intervention components. Sample pictures of materials used in the intervention were shown during the interview to facilitate recall. Four red herring questions (questions intentionally asking about components that were not actually used in the program) were included to identify respondents exhibiting reporting bias (none were identified).
A problematic respondent was defined as giving affirmative answers to three or more of these questions and would be eliminated from the analysis. Low dose received for each intervention component was defined post hoc as being successfully recalled by 0-49% of all sampled participants, moderate as 50-74% and high as 75% and greater.
In-church food environment evaluation form
The form was used to (i) measure the availability (number of available items out of the total items assessed in the form) of certain healthier food items in meals or snacks served at the church, in-church stores or vending machines; (ii) identify physical activity equipment/programs in the church and (iii) to assess the availability of healthpromotion media such as flyer and posters. The evaluation form assessed 27 types of foods that may be served in meals, 18 types of snacks, 10 vending machine items, seven types of physical activity equipment, lessons and group activities and seven types of health-promotion media. Low availability was defined post hoc as having 0-29% of all listed healthy items/components in the church, moderate as 30-59% and high as 60% and greater. The form was completed three to seven times in each church by process evaluators during a randomly selected subsample of church intervention visits.
Data collection
To examine differences among treatment groups, post-intervention exposure survey data were collected from church members in all nine churches, whereas in-church process evaluation data were collected only in the three HBHS intervention churches. Of 75 total visits to the three intervention churches, 64 in-church interactive session forms and 16 food environment evaluation forms were filled out. The exposure data were collected within 1-3 months after the intervention. In total, 196 post-intervention interviews were completed, including 77 from three HBHS intervention churches. The follow-up rate was 68% for all respondents and 73% for HBHS intervention churches. The post-intervention survey nonrespondents (n ¼ 92) had comparable demographic characteristics with respondents, except being younger (P ¼ 0.04) (J. Gittelsohn, submitted for publication). Interviews took place in respondents' homes, churches or other locations convenient for the participant. Data collectors were all trained public health graduate students and project staff members, who were blinded to the red herring questions. The study and all data collection instruments were approved by the Johns Hopkins Bloomberg School of Public Health Institutional Review Board.
Data analysis
Exposure data were analyzed using STATA version 11 [29] . The reach, dose delivered, fidelity, dose received and the availability of healthy items in church environment were calculated as described previously. The pedometer participation indicators and general program reach were tabulated by each intervention church as well as overall. These indicators were tabulated by each intervention church and the differences among churches were compared using Pearson chi-squared test (those presented as percentages) or t-test (those presented as mean values).
Process evaluation of HBHS
Results
Reach, dose delivered and fidelity Table III presents the reach and dose delivered per visit of all intervention components. Overall, the program had sufficient intervention visits to churches, with the total visits of each phase being 94-157% of the standard number of planned visits. The standard number of visits was the minimal number of visits required to sufficiently cover one full phase (Table I) . Although the assumption was that each of the topics in a phase could be covered in one visit, more complex topics were reinforced with one to three extra visits. Observed numbers of visitors at intervention sessions had wide ranges and were 6-63, 10-35 and 19-160 persons for each intervention church, respectively (data not shown). On average, each visit reached approximately 23 (8% of the total congregation) to 31 (11% of the total congregation) church members (Table III) . Handouts and flyers were distributed the most frequently (mean ¼ 18.5/visit), whereas taste tests and giveaways were less frequently administered. Each person received 1.0-1.9 intervention components per visit, with an average dose of 1.3 items per person per visit, exceeding the standard dose received of one item per participant (Table III) .
The program achieved a moderate to high level of fidelity in implementing bulletins, handout/flyers and poster/displays per intervention visit (Table IV) . Educational print materials were administered in 67-100% of all intervention visits, with an overall mean availability of 95, 81 and 76% for bulletins, handouts/flyers and posters/displays, respectively, across all program phases. The program achieved a low to moderate level of fidelity in giveaways, with the availability ranging from 36 to 53%. Giveaways had an overall mean availability of 44% across all intervention visits. The lower fidelity in giveaways is due to the fact that they were intended to serve as a marketing strategy to increase the participation rate and did not have a fixed implementation schedule as other components. The level of fidelity for taste tests varied from 14 to 69%, with an overall mean availability of 45% (data not shown) across all intervention visits. As Phase 5 focused on physical activity and was not planned to have taste tests, when it is excluded from the analysis, the overall mean availability of taste tests in diet-related phases (Phases 1-4) is more accurately calculated as 56% (Table IV) . Table V shows that 40-60% of the respondents remembered seeing or participating in at least one 
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intervention component in any given phases. Giveaways were the most highly recalled component during three of the four applicable phases. Participants who successfully recalled taste tests were high in diet-related phases, whereas posters and educational displays were best remembered in physical activity/general program information phase. Giveaways and taste tests had moderate dose received in most phases, and visual materials had low to moderate dose received across all phases. The intervention components listed here were a reasonable subset of all components, selected based on how common they were used across intervention churches.
b
Includes a random sample of participants from three Group 1 churches.
c Includes a random sample of participants from 6 Group 2 and 3 churches. Percentages based on at least one intervention item administered per visit, i.e. multiple giveaway items at one visit counts as one giveaway intervention. 
Process evaluation of HBHS
The comparison groups (Group 2 and 3 churches) showed a significantly lower percentage of exposure to all intervention components, as expected (P < 0.0001).
The majority of participants (>89.5%) in HBHS intervention churches had seen pedometers from the program (Table VI) . Participation rate in the pedometer challenge was moderate to high, ranging from 61.9 to 90%. Churches B and C had lower participation rates due to the limited number of pedometers available to church members despite the overwhelmingly positive responses to the program. Respondents who participated in the pedometer Challenge wore the pedometer for 2.5-3.9 months, approximately half the length of the program implementation timeline (6 months). The average time of wearing a pedometer did not differ significantly by intervention church (Table VI) .
The majority of the respondents in intervention churches had heard about HBHS (>95%) and many of them had recognized the project logo (71.4-90%), as shown in Table VI . HBHS' presence was also seen in control churches, but only 25.8% have seen project logo and 36.7% have seen print materials. Church bulletin inserts had a high reach, with an average 75.3% of the respondents in intervention churches remembering seeing them. Most participants reported receiving more than five different types of the church bulletin over the course of the entire program (data not shown). Table VII shows the availability of in-church healthy foods, healthy snacks, physical activity components and health-related media for each church. In two intervention churches that served H. E. Wang et al.
The church food environment
meals and snacks, the average number of different types of healthy food was greater in meals (8.0 and 5.7 for churches A and C, respectively) and lower in snacks (0.3 and 2.3 in churches A and C, respectively). The average types of healthy foods were 1.9 in church B's store and 1.7 in church C's vending machine. Church A had moderate availability of healthy foods served in church meals (30% of all assessed items), and churches B and C had low availability of healthy foods served or sold in the church (20 and 17%, respectively). All intervention churches had physical activity programs and healthpromotion media from HBHS program, with an average of 1.4 physical activity programs/components (19.7% of all assessed items) and 3.0 types of health-promotion media (43.0% of all assessed items) across churches. The availability of physical activity components was considered low in all intervention churches (10-29% of all assessed items), and the availability of health-promotion media was considered moderate to high in churches A and B (60 and 50%, respectively).
Discussion
HBHS successfully demonstrated the feasibility of implementing a comprehensive communityparticipatory health program in multiple church sites. Overall, the program achieved moderate to high dose delivered, and fidelity. Print education materials were the most successfully implemented components with the highest dose and fidelity, whereas taste tests and giveaways were implemented at lower doses due to project design. The intervention components that were recalled with the highest success were giveaways and taste tests. Based on a subsample of church members, dose received of intervention components ranged from low to moderate. Similar levels of dose received were also seen in another church-based intervention program-Body & Soul, which also collected post-intervention information on individual exposure [30] . It would appear that a subsample of church members were most engaged in the program, and these were not necessarily the church members represented in the evaluation sample. Recognizing this provides insight for interpreting the impact of the intervention. In the analysis of the impact of this trial (Gittelsohn J, submitted for publication), HBHS intervention church members (as compared with members in PP alone or comparison group) significantly decreased systolic and diastolic blood pressure (P ¼ 0.02 and 0.01, respectively), showed greater improvement in food-related self-efficacy (P ¼ 0.04) and had an increased purchasing of healthy foods (P ¼ 0.06) and decreased purchasing of unhealthy foods (P ¼ 0.02). However, no impacts were seen on physical activity level and weight indicators such as waist circumference and body mass index. Process evaluation allows further understanding of these results. We can see that the high dose delivered and fidelity of educational materials in this program aided the intervention in impacting multiple important health indicators and behaviors (blood pressure, self-efficacy and food purchasing). Finally, despite delivering the HBHS intervention with moderate dose delivered and fidelity, we were unable to detect significant differences in physical activity level, body mass index and waist circumference, indicating that we have a true need for more comprehensive and multilevel interventions to create impact on these factors rather than improvement in study implementation.
Evaluation of the HBHS trial had several challenges and limitations. Despite efforts to engage as many church members as possible in intervention activities, we were unable to measure participating members' receipt of full intervention or the engagement level of the entire church population. Some church-wide activities occurred, such as distributing church bulletins that incorporated spiritual messages and HBHS intervention, but assessing dose received of these activities was difficult because our exposure data were only collected on a subsample of church members. Another difficulty of interpreting the program reach was the varying church attendance each week and the discrepancies between the observed and self-reported regular attendance. The calculated reach in this study may be underestimated due to an inaccurate report of Process evaluation of HBHS church attendance (observed attendance was much lower). Future faith-based studies should use more valid methods of recording church attendance rather than relying on self-reported or roster data. Additionally, intervention contamination may have occurred in comparison churches because urban congregants may visit more than one church for weekly service, although they may have a primary affiliation. Recall bias may have occurred if respondents were not clear about whether the taste test/giveaway they saw was related to this program. Recall may also be influenced when intervention materials were similar in style with other church materials, especially the posters or educational displays. Other similar health materials were visible in churches as well, which were either developed by the church itself or by other health programs. The post-intervention exposure survey was a major strength of this study because it is not commonly used in process evaluation and demonstrated its great importance to reveal the less 'memorable' intervention components. However, we recognized that the survey participants may not necessarily represent all church members, as we had no knowledge about whether they differed from the non-participants.
The food and physical activity environment intervention strategies were developed over time based on the accumulated knowledge of the church environment. The in-church environment process evaluation started much later than the interactive session evaluation and was only conducted in a subsample of intervention visits. The relative small sample size of the church environment assessments can hardly reflect the church environment impact as a result of HBHS intervention, which was measured in other instruments and reported elsewhere (Farner et al., in preparation). The design of the in-church environment evaluation form failed to account for each HBHS intervention church's unique food and physical activity environment and corresponding intervention approach. Future development of food environment evaluation instrument should allow for the flexibility to incorporate church-specific intervention strategies and to distinguish programspecific environmental changes.
To our knowledge, HBHS is the first church-based health intervention program to provide substantive process evaluation data combining reach, dose delivered, dose received, fidelity and the availability of health components in church environment. The two-level three-part approach to process evaluation in this study proved highly complementary. The discrepancy between the in-church and postintervention assessments provided insight on the effectiveness of the intervention components. We speculate that interventions that more heavily involved participant interaction may be more readily recalled and recognized, whereas passive approaches are less likely to be recalled. The findings from the two-level evaluation of the HBHS project help us better understand the gaps between intervention delivery and an individual exposure, as well as strengthen our understanding of the impact of this specific trial (J. Gittelsohn, submitted for publication). Compared with previous church-based trials that reported primarily qualitative process evaluation results [20, 27, 30] , these techniques used in HBHS can serve as a model for the future evaluation of community-participatory program efforts quantitatively. In addition, future process evaluation of community-participatory research should make full use of the process evaluation's continual monitoring function to provide real-time feedback on interventions in conjunction with participant feedback to improve the intervention on a regular basis. A more systematic and simultaneous development of process evaluation instruments is essential to obtain comparable, interpretable and complementary results in multiple-level assessment. 
